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ABSTRACT

Because increased water deficit in the plant caused by changes
in root permeability can result in transpiration reduction, the
effects of picloram (4-amino-3,5,6-trichloropicolinic acid) and
several other chemicals on root permeability were studied. Initially,
effects on cell permeability were investigated by measuring the
betacyanin efflux from red beet (Beta vultaris L.) root sections.
Picloram solutions ranging from I0-3 4 to 10-6 M had no significant
effect on betacyanin efflux when compared with controls. Similar
results were found for 10-4 M and 10-5 M 2-methoxy-3,6-dichlorobenzoic
acid (dicamba), 10-4 M 2,4-dichlorophenoxyacetic acid (2,4-D), and
10 ppm of ethylene. Compounds that caused significant pigment
leakage were 10-4 4 and 10-5 4 phenylmercuric acetate, 10- 3 M and
10- 4 4 2,4-dinitrophenol, 10-3 4 and 10-4 4 2,4,5-trichlorophenoxy-
acetic acid, and 10- 3 4 2,4-D.

Further investigations were conducted with picloram applications
to the roots of bean plants (Phaseolus yuLaris L. var. Black
Valentine) grown in nutrient solution under controlled environmental
conditions. Roots treated for 3 hours iwith 10-5 14 picloram showed
no significant electrolyte leakage as determined by conductivity
measurements of the root bathing solution for 52 hours. When bean
roots were treated for 3 hours with 10-5 K, 10-6 4, and 10-7 .4
pictoram and then the plants detopped, increased stem exudation was observed.
Xylem exudate of the treated plants also showed increased electrolytic
conductivity. The increased exudation rate accompanied by increased
conductivity indicates that picloram has little effect on root cell
membrane integrity, does not act as a metabolic inhibitor, and in
some way stimulates salt secretion into the xylem.
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1. INTRODUJCTION*

Picloram (4-amino-3,5,6-trichloropicoltnic acid) is a highly biologically
active herbicide with apparently unique properties. It causes distortions
in growing tissue and other formative effectsll and growth promotion in stem
sections~uimilar to that caused by 2,4-dichiorophenoxyacetic acid (2,4-D)
and other duxn-like growth regulators. 3  Picloram has also been
characterized as comparable to 2,4-D and 2i.4,3-trichlorophenoxyacetic acid
(2,4,5-T) in absorption and translocation. -"-To further elucidate the modes
of action of picloram, studies have been conducted on its effect on foliar
transpiration. Because increased water deficit in the plant caused by
changes in root permeability can result in transpiration reduction, the
effects of picloram and several other chemicais on root permeability were
studied.

II. MATIRIALS AND METHODS

A technique of Veldatra and Booij4 involving the measurement of
betacyanin efflux from red beet root sections was used for investigating
the possible effects of selected substances on cell permeability. Discs
(10 = by 3 mr) were cut from the roots of red beet (Beta vulaaris W.,
rinsed several times In distilled water, and then retained in distilled
water overnight at 8 C. After again rinsing, 10 discs were placed In
Erlenmayer flasks containing 50 ml of solution. Each of the following
compounds was prepared in 0.SX Hoagland's nutrient solution and replicated
three times: picloram, 10-3 M, 10-4 K, 105 M, and 10-6 K; 2,4-D, 10-3 M
and 10- M; 2,4,5-T, 10-3 M and 10-4 M; 2-methoxy-3,6-dichlorobanzoic acid
(dicambe), 10-4 K and 10-5 M; phenylsercuric acetate (PPA), 10- K and
10-5 K; 2,4-dinitrophenol (DM), 10-3 M and 10-4 1; and ethylene, 10 ppm.

* All solutions were adjusted to pH 6.05:0.12.

Pigment release from the discs was determined by measuring the light
abs orbency of the solution at 500 op with a Bausch & Lamb Spectronic 20
colorimeter and comparing the values with blanks of 0.51 Hoaland's
solution. Measurements were made periodically up to 24 hours; the flasks
were maintained at 25 C.

*This report should not be used as a literature citation in waterial to be
published in the open litarature, Readers Interested In referencing the
information contained herein should contact the senior author to ascertaim
when and where it my appear in citable form.



4

To study the effect of picloram on exudation rate, bean plants (Phaseolus
vutitaris L. var. Black Valentine) were grown in nutrient culture in a
controlled environment growth chamber with a 16-hour photoperiod provided by
1,400 ft-c of illumination at plant-top level. Temperature and relative
humidity were maintained at 25±1 C and 50±5., respectively. When the first
compound leaves were beginning to unfold, plant roots were treated for 3 hours
with 300 ml of selected molarities of picloram in 0.5X Hoagland's nutrient
solution. After treatment, each plant was transferred to a 250-mi Erlenmeyer
flask containing aerated distilled water. Control plants were manipulated
in the same manner as the treated plants except that picloram was omitted.
Each series of picloram-treated plants and control plants consisted of 10
replications. To measure exudation rate, the top of each plant was removed
2 cm below the cotyledonary node immediately after the 3-hour treatment
period, and a 0.2-ml graduated pipette was attached vertically to the cut
stem by a short length of rubber tubing. At the start of each measurement
period, the pipette was adjusted to the zero mark by injecting distilled
water containing acid fuschin dye. The increase of volume in the pipette
caused by xylem exudate was then recorded periodically and expressed as
milliliters of exudate per hour.

Electrolyte conductivity of the root bathing solution was measured in
5-ml samples removed periodically from the flasks containing treated and
control plants. Solution conductivity (phos at 25 C) was determined with
an Industrial Instruments Inc. Conductivity Bridge Model RC16B2 using a 3-ml
pipette cell with a 0.1 cell constant.

Conductivity of xylem exudate from several different experiments was
also determined. Plants were treated as above but exudate was collected
in 5-ml plastic containers attached to each stem. Eleven collections were
made, each consisting of the pooled exudate from at least six plants. The
conductivity of a particular exudate collection from plants treated with
10-5 N picloran was compared with the control plant exudate conductivity
at the same collection period. A statistical analysis based on paired
obeervations s was then performed on all collections.

111. IDULWT AND DISCUSSION

The effects of picloram and the other compounds on cell permability are
shown in ligure 1. The degree of disturbance of the Pempermeability of the
ambrnes of the beet root cellsia indicated by the absorbency value of
the bathing solution. with higher values demastrating greater leakage of
betacyanin from the vacuoles. The lose of pi4mnt was greatest with 104 m
IM followed in descending order of loss by 10-3 N 28,45-T, 10-3 K DIN,
10-5 N Wd, 10-3 N 2,4-D, 10-4 N 2,4o-, and 10"4 N DNP. No significant
lose of pigment over the 24-bour period was detected for l0"3 No 10-4 1
10-5 N, and 10-6 K piclran; 10-4 N 2,4-D; 100 K and 10"5 K dicaua; or
10 pr of ethylene. The slight peak obeerved for ethylene at 2 hoars is
thought to be the result of a spurious reading caused by air bubbles in the
solutio.
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In addition to picloram; 2,4-D, 204$5-T, and dicamba were tested because
of their known effectiveness as herbicides. The responses observed with
2,4-D and 2,4,5-? are similar to those reported by Vldstra and 3ooiJ.6

They found that the chlorinated compound 2,4,6-trichloropbeno~yacetic acid
interacted with beet -embanes more strongly than 2,4-D. This stronger
response was attributed to the increase of the lipophilic component of
the molecule by the Introduction of the added chlorine atom.

DI?, a metabolic inhibitor known to affect membrane perasability
adversely, was Included as a basis for comparison. Surprisingly, WA&

* proved to be the met effective compound in causing pigmnt leakage, even
at a 1~e concentration than DI?. PM has been studied extensively as
an antitraoapirat and fungicide.6 Siegenthaler and hckse found thet MU
inhibits light-induced chloroplast swelling and also Inhibits nicotinamide
adenine dinuc leotide phosphate reduction and photopbosphorylat ion reactions.
Perhaps the effect of WA~ on regulation of chioroplast volum is also related
to changes in meimbrane permability. athylene, a gaseous plant growth
%.sulator,8 has been considered to cause alter~ation to mrane permability,

although no such effect appeared under the particular experimental coitionr
used here.
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It is particularly interesting that picloram had no appreciable effect
on membrane permeability as compared with 2,4-D and 2,4,5-T, because picloram
is often compared with these compounds as having similar growth regulation
characteristics. Veldstra and Booij4 noted that th2 activity of compounds
such as indoleacetic acid, naphthaleneacetic acid, and 2,4-D, as determined
by the beet disc test, reflects very well their phytotoxicity as determined
from studies on parts of plants or intact plants. Obviously, this is not
the case for picloram.

Exudation rates resulting from treatment with picloraa further support
the thesis that picloram does not affect membrane permeability adversely.
Increases in exudation rate were consistently observed for plants treated
with 10-5 M, 10-6 M N, and 10-7 M picloram (Fig. 2 to 4). Increases in
exudation rate were significant 7 hours after the initiation of treatment
for the 10-5 M and 10-6 M picloram-treated plants anid remained significant
throughout the experiments. Exudation rate of the 10-7 K picloram-treated
plants was not significantly greater during the first 7 hours but was
significant after 22 hours. Because exudation rate from detoppcd plants is
primrily affected by salt transfer into the xylem, -" it appears that
picloran directly or indirectly causes an increased movement of salt into
the xylem. In fact, statistically higher conductivities, indicating a greater
salt concentration, occurred in the collected exudate from plants treated
with 10- 5 M picloram when compared with controls (Table 1).
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Salt moves into the xylem even though the roots are bathed in distilled
water,99'11 as was done here. However, the exudation rate steadily declines
with time (Fig. 2 to 4).

Wallace et al.11 indicate that movement of salt into the xylem appears
to be under metabolic control. Considering that inhibitors such as Dlip
and KCN decrease exudation ratel,1 it seems very unlikely that picloran
acts as a metabolic inhibitor in the root system.

The measurements of the conductivity of the root bathing solution of,
the plants treated with 10-5 M picloram indicated no statistically
significant electrolyte loss as compared with controls (Fig. 5). The
increase of exudation rate mith no change in ion leakage from the roots
seems to be in agreement with the results of Newman and Kramer. 1 5 In the
reverse situation. they found that a decrease in root pressure exudation
accompanied an increase of electrolyte leakage from roots immersed in
decenylsuccinic acid, a metabolic inhibitor.
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FIGURE 5. Conductivity of the Root Bathing Solution of
Plants Treated for 3 Hours with i0-

5 M Picloram. Vertical
bars represent 95% confidence limits on the mean.
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Although it is not known why exudation rate is increased by pic!oram, it
might be explained as an auxin-like effect. It has been demonstrated that
auxin in low concentrations causes increased exudation,1 3 and that auxin
causes increased water uptake by plant tissues. 14 However, it is generally
agreed that auxin-induced water uptake is primarily related to effects on
cell wall extensibility. which in turn permits osmotic water uptake. rather
than effects on membrane permeability per se.

14

The increased salt concentration found in the xylem exudate cannot be
explained entirely on the basis of an auxin effect, and for this reason
another mechanism appears to be involved other than wall extensibility,
perhaps one affecting ion transport across membranes.



11

LITERATURE CITED

1. liameker, J.W.; Johnston, H.; Martin, R.J.; Redesnnn, C.T. 1963.
*A picolinic acid derivative: Plant grovth regulator. Science

141:363.

2. Eisinger, W.; Morre D.J.; Hess, C.E. 1966. Promotion of plant
growth by Tordon herbicide. Down to Earth 21:8-10.

3. Fisher, D.A.; Bayer, D.E.; Weler, T.E. 1968. Morphological and
anatomical effects of picloram on Phaseolus vulzaris. Bot. Ga:.
129:67-70.

4. Veldstra, H.; Booij, H.L. 1949. Researches on plant growth
regulators: XVII. Structure and activity; on the mechanism of the
action III. Biochin. Biophys. Acta 3:278-312.

5. Li, J.C.R. 1964. Statistical inference, Vol. I. Statistics, Inc.,
c/o Edwards Brothers, Inc., Ann Arbor, Michigan. 658 p.

6. Pallas, J.E., Jr.; Bertrand, A.R.; Harris, D.G.; 9lkins, C.B., Jr.;
Parks, C.L. 1965. Research in plant transpiration: 1962. U.S.
Dep. Agr. Prod. Rea. Rep. 87. 56 p.

7. Siegenthaler, P.A.; Packer, L. 1965. Light-dependent volume
changes and reactions in chloroplasts: I. Action of alkenylsuccinic
acids and phenylmercuric acetate and possible relation to mechanism
of stomstal control. Plant Physiol. 40:785-791.

8. Abele&, F.B.; Gahagan, H.E., III. 1968. Abscission: The role
of ethylene, ethylene analogues, carbon dioxide, and oxygen. Plant
Physiol. 43:1255-1258.

9. Arias, W.H.; Helder, R.J.; Van Nie, R. 1951. Analysis of the
exudation process in tomato plants. J. 1xp. Bot. 2:257-297.

10. Vaadia, Y. 1960. Autonomic diurnal fluctuations in rate of exudation
and root pressure of decapitated sunflower plants. Physiol. Plant.
13:701-717.

11. Wallace, A.; Ashcroft, R.T.; Lunt, O.i.; Joven, C.B.; Clark, J.A. 1966.
Root pressure exudation in tobacco: I. Some general characteristics,
p. 127-135. n A. Wallace (td.) Current topics in plant nutrition.
Edwards Brothers, Inc., Ann Arbor, Michigan.

12. Newman, R.I.; Kramer, P.J. 1966. Effects of decenylsuccinic acid
on the permeability and growth of bean roots. Plant Physiol. 41:606-609.



12

13. Skoog, F.; Broyer, T.C.; Grossenbacher, K.A. 1938. Effects of auxin
an rates, periodicity, and osmotic relations in exudation. Amer. J. Bot.
25: 749-759.

14. Koslwskis T.T. 1964. Water metabolism in plants. Harper and Row,
N. Y. 227 p.



15

DOCUMT CONTRO DATA. 19 D
0=0rU ui..eithai" oleI u. how .1 aoes an bhw mbm mw ae . Nowwad Whim so oumS ran"tteate

1. ONO _jr~NO ACTS W'lY (099410M IS") R. EPORT geCUM~T CLAMgPOCAYION

F Department of the Army Unclassified
Fart Detrick, Frederick, Maryland, 21701

8. RPORT tOtLK

ROOT PERMEABILITY AS AFFECTED BY PICLORAM AND OTHER CHEMICALS

4OEUCRIPTIve "Wigs (7%'p off"We ad laulmu, dotes)

6. AUTtIORWJ1 (Pleat GRW. OVA@ WOW. eel rANm)

Charles P.P. Reid
Woodland (NKI) Hurtt

. REPORT CAtE ii& TOT"L 1. OF PAGES 7b. NO0. OF 111110

May 1969 16 14
SIf CONTRACT OR GRANT NO. 911, ORI6IW"ATOWS 0EPORT N PANRI

6.PR@J6CT NO. 1B5626O2AO61 Technical Manuscript 501

W. -. otwgg1 REPORT NOMS (W OArn; W Sop be w5 elod

Qualified requesters my obtain copies of this publication from DDC.

Foreign announcement and dissemination of this publication by DDC is not authorized.

Release or announcement to the public is not authorized.
ISUPPLAMEHtAIII NOTES 12- aSON111 MUTANT ACTSVITYLDepartment of the Army

rort Detrick, Frederick, Maryland, 21701

I* 0"0Muuseuu increased water deicit in the piant causeel By MEanE. Ra

permeability can result in transpiration reduction, the effects of picloram (4-amino-3,

5,6-trichloropicolinic acid) and several other chemicals on root permability were
studied. Initially, effects on cell permeability were investigated by measuring the

betacyanin eff lux from red beet (Aeta vulnaris L.) root sections. Picloram solutions

TAM- ---- 0 Nea W6,"had no significant effect on betacyanin eff lux when

compared with controls. Similar results were found for )4~S~~W2-methoxy-3,
6-dichlrrobensoic acid (dicamba), 106 2,4-dichlorophenoxyacetic acid (2,4-D) and

10 opm ethylene. Compounds that caused significant pigment leakage war-44f and
1= phonylmrcuricaetate, ::!t andj 2,4-dinitrophenol, Wft and MPA

2,4,5-trichloropbenoxyacetic acid, and 204-D.

Further Investigations were conducted with picloram applications to the roots of
bean plants (Phaseolus vultaria L. var. Black Valentine) grown in nutrient soldtion

under controlled environmental conditions. Roots treated f or 3 hours with 1

picloram showed no significant electrolyte leakage as determined by conductivity
measurements of the root bathing solution for 52 hours. When bean roots were treated

for 3 hours with 11f, tLd , and 1 Sd plc loran and then the plants
detopped, increased stem exudation was observed. Xylem exudate of the treated
plants also showed increased electrolytic conductivity. The Increased exudation
rate accompanied by increased conductivity indicates that picloram has little
effect on root cell membrane Integrity, does not act as a metabolic inhibitor,
and In some way stimulates salt secretion Into the -ylem.(
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